B cells play immunomodulatory roles mainly by presenting antigens and producing antibodies. In recent years, some B cells were shown to exhibit regulatory functions. This type of B cell was named regulatory B cells (Bregs). Bregs can mediate immune tolerance to inhibit excessive inflammatory responses and to accelerate recovery of inflammation by producing interleukin 10 and/or transforming growth factor β1 and other inhibitory cytokines. Studies showed that Bregs play important roles in parasites, bacteria, and viral infections. This study reviews biological characteristics, functions, and microsignal regulation of Bregs and their mechanism in infectious diseases and related research progress.
B cells play a central role in humoral immunity by regulating CD4+ T cell responses. These cells can also be used as antigen-presenting cells (APCs) and produce cytokines, including interleukin (IL)-4, IL-6, IL-10, and transforming growth factor-β (TGF-β) to provide costimulatory signals that promote differentiation of CD4+ T cells into helper T cell (Th1 or Th2) subgroups [1] . However, B cells perform additional immune functions, including production of cytokines, which act as secondary APCs. Regulatory B cells (Bregs) feature protective effects that inhibit immune responses [2] . Subgroups of Bregs mainly include the CD1d hi CD5+ CD19 hi phenotype. B10 cells represent subgroups of Bregs with CD1d hi CD5+ CD19 hi phenotype and produce IL-10. Mizoguchi et al. [2, 3] first proposed Bregs and described that these B cell subgroups exhibit regulatory functions. Janway et al. observed that lack of Bregs in B10/PL mice caused development of severe ex perimental autoimmune encephalomyelitis (E A E), suggesting that Bregs are produced and developed in EAE mouse model by producing IL-10 that affects occurrence and development of autoimmune diseases [3] [4] [5] .
Definition of Bregs
Bregs are derived from B cells, and they can inhibit acquired immune-mediated inflammatory responses and/or accelerate recovery of inf lammation by directly producing IL-10 and TGF-β1 with secondary antigen presentation or through secretion of antibodies that interact with other immune cells [2, 6] .
Source, classification, and function of B cells
Hongbo et al. [6, 7] reported that Bregs can be divided into primitive type and acquired type. Primitive Bregs mainly originate from mesenteric lymph nodes. Intestinal bacteria produce a large number of metabolites and can induce primitive Bregs to differentiate into acquired Bregs, thus inducing a series of immunosuppressive effects. B cell development can be divided into preB cells, immature B cells, mature B cells, activated B cells, and plasma cells. Differentiation of preB cells and immature B cells is antigenindependent and occurs in bone marrows. Differentiation of immature B cells, activated B cells, and plasma cells is antigen-dependent and occurs in peripheral organs [8, 9] . According to different surface molecules, B cells are divided into B1 and B2 cells. B2 cells are commonly referred to as B cells. B1 cells reside in the chest and abdominal cavity and are formed in the fetal liver. Peritoneal B1 cells express Mac-1 (CD11b), whereas spleen B1 does not. Regardless of absence or presence of CD5 expression, B1 cells can further differentiate into B1a cells (CD11b+ CD5+) and B1b cells (CD11b+ CD5−). B2 cells mainly exist in secondary lymphoid organs and can continually multiply in adult bone marrows [10] . Mizoguchi et al. [2, 11] observed that Bregs act as secondary APCs by producing IL-10, which inhibits immune responses. IL-10 can also regulate the balance of TH1 and TH2 cells. Bregs activate CD4+ T cells and natural killer cells to induce immunosuppressive effects.
Microenvironment signals and production of Bregs
To date, common surface markers of Bregs or specific transcription factors, both in humans and in mice, remain unidentified. Appropriate stimulus can produce Bregs; this concept can be reinforced as follows: some factors that exist in microenvironment may play important roles in induction of B cells [12] . Toll-like receptor (TLR) agonists effectively inhibit B cell induction. Lipopolysaccharides (LPS) in Gramnegative bacteria can induce Bregs to produce IL-10, thereby inhibiting disease progression in EAE mouse models [13] . Mice cannot recover from EAE because of lack of primary reaction gene 88 with differentiation of B cells, TLR2, TLR4 or TLR myeloid cells; this phenomenon indicates that TLR is directly involved in regulatory B cell regulation function [3, 14] . TLR signal enables naive B cells to produce IL-10, whereas other B cells still need ligation reaction of CD40 and B cell receptor (BCR) to further produce IL-10 [15] . During the initial stage, TLR only induces a small amount of Bregs. The second stage further stimulates production of Bregs as a result of ligation reaction of BCR and CD40, eventually leading to production of sufficient amounts of IL-10 [13] . Bouaziz et al. [16] also confirmed that TLR9 strongly stimulates IL-10 production. These results indicate that TLRs play important roles in induction of Bregs. Gray et al. [17] suggested that apoptotic cells can also trigger IL-10 production as an endogenous signal to improve collageninduced arthritis. Apoptosis can also induce spleen cells to produce IL-10. Enhanced T cell secretion of IL-10 may play an immunosuppressive function [3] .
Function of Bregs in parasitic infection
Harris et al. [18] showed that B cells, such as CD4+ T cells, can produce cytokines under conditions of inf lammation caused by Toxoplasma gondii or poly mor phic helical nematode infection. In schistosomiasis-infected mice, Bregs may be associated with changes in TH1 and TH2 and are related to CD4+ T cells that depend on pathology of granulomatosis caused by parasite eggs. Jankovic et al. [19, 20] studied regulation mechanism of B cells in schistosomiasis infection. Although development of parasites in wild-type (WT) mice and B cell-deficient hosts were similar, survival rate of B-cell deficient mice significantly decreased. In this study, pathological phenomena of hepatic granulomatosis increased, showing similarity to conditions of mice with B cell deficiency and Fc receptor deficiency. This finding suggests that granulomas formed by the body's resistance against parasitic diseases are associated with antibodies produced by B cells. However, sensitivity test for detecting schistosomiasis infection in B cell-deficient mice does not include Fc receptor-deficient animals. This phenomenon suggests that antibodies are only partially involved in B cell-mediated regulatory process, and Bregs may also be involved. Other studies showed that Bregs producing IL-10 can partially limit pathological development of granuloma. Components of lacto-N-fucose pentoxide III and Schistosoma mansoni soluble egg antigens (SEA) stimulate B cells [21] , especially B1 cells [22] , to produce IL-10. However, in the first five weeks of abdominal infection, schistosomiasis infection is associated with overexpression of CD5+ B1 cells [22] . This effect is similar to that of lacto-N-fucose pentoxide III-coated magnetic beads, which shows that the important role of eggs in the body is related to carbohydrate of B cells. However, further studies should determine whether BCRs, triggering of specific lectins, or both are involved in activation of B cells. The role of SEA with several exogenous lectins can regulate natural responses of dendritic cells (DC) [23] . The role of B1 cells in parasite infection was manifested in a mouse model with CD5+ B1 cell deficiency and a model of Bruton's tyrosine kinase deficient X-linked immunodeficiency (XID) mice [24] . Thus, XID mice exhibit high sensitivity to parasites, such as Schistosoma mansoni [25] . For parasitic diseases, phosphorylcholine on L3 antigens increases the number of B1 cells that produce IL-10 and also reduces intensity of antibody responses [26] . Thus, in both cases, susceptibility is associated with decreases in IL-10 and antibody responses. Recently, Laleh et al. [20, 27] established an experimental model using schistosomiasis-infected Bregs to treat mice allergies. In this previous study, B cell transfection from W T-infected mice, but not IL-10-deficient mice, showed protection against the effects of allergic reactions, further demonstrating immunomodulatory effects of Bregs.
Role of Bregs in bacterial and viral infections
LPS on cell wall of Gram-negative bacteria can display antiinflammatory properties of B cells. Thus, possibilities of regulatory role of Bregs in bacterial infection are increased. Recent studies showed that amounts IL-10 produced by CD5+ B (relative to LPS and agonist reactions of TLR2, 5, 7, 8, and 9) agree with high TLR expression levels in B cells [28, 29] . This finding also confirms literature conclusion [30] , which implies that B cells in the spleen margin region produce IL-10 after TLR activation, and these cells can also produce large amounts of IL-6 [20] . Cytokines in B cells possibly aid specific B cell functions, such as cell survival and cell differentiation. Under these conditions, one possible role of CD5+ B-cell-derived IL-10 in TLR activation is to limit proinflammatory response of TLRinduced myeloid cells. This hypothesis supports a recent study data, which indicated that IL-10 produced by CD5+ B cells can downregulate level of IL-12 [20, 29] produced by TNF-α, IL-6, and DC. In vivo, new neonatal mice presented regulatory mechanisms of Bregs in systemic inf lammatory responses. B1 cells were produced in liver-derived precursors and matured during the fetal period [31] . During the neonatal period, the liver still largely contributes to hematopoietic effect of B cells, leading to expansion of B1 cells to the periphery, whereas bone marrow-derived B2 cells initiate production. Therefore, in the context of TLR activation, regulatory CD5+ B cells can strongly inhibit neonatal innate inf lammation. The early role of neonatal CD5+ B cells is release of IL-10 followed by activation of TLR ligands; this phenomenon results from early control of DC TH1 cells, leading to decreased IL-12 and neonatal Th2 type immune bias [28] . These results emphasize effects of various types of Bregs and TLR triggering observed in vivo.
Bregs can limit TLR7 and TLR 9 ligand ef fects in newborns [29] . Type I interferon (IFN) plays an important role in TLR-activated bone marrow cells. However, the initial type I IFN plays a key role in IL-10, which is produced by neonatal Bregs. Migration of IL-10 can protect CD5+ B cells in I L-10 −/− neonatal mice from destruction of inf lammatory responses caused by CpG (tandem repeats sequences consisting of cytosine C and guanine G) [29] . By contrast, this condition exhibits no effect on protecting IL-10 −/− neonatal mice with IFNα/β receptor deficient CD5+ B cells. IL-10 produced by synergistic effects of I-type IFN and natural CD5+ B cells plays a key role in this process and helps neonatal mice in preventing excessive inf lammatory responses. Bregs affect inflammation caused by I-type IFN and preTH1 in neonatal mice. This phenomenon suggests that Bregs may contribute to increasing susceptibility to pathogens during the early period of infection. Responses to TLR9 and TLR7 triggered by inf luenza v ir us and baculoviruses, such as granuliform virus and others, support the ability of CD5+ B cells to produce IL-10. Response of IL-10 to viruses further increases ability of plasma cell DC reactions to produce IFN-α compared with that of the same viruses [20, 29] . However, in the fight against viruses and bacterial infections, positive effects of TLR activation of Bregs should be recognized [32, 33] . Regulation and protection of Bregs should be studied in vitro and in bacterial infections.
Outlook
Bregs exhibit significant antiinf lammatory effects during parasitic infection. IL-10, which is secreted by Bregs, transfers immune responses from Th1 to Th2. Although studies on Bregs achieved periodic progress, many problems still exist and must be solved. For example, further studies should center on cytokine secretion of Bregs by signal transduction, whether Bregs feature independent regulatory cellular mechanisms such as those of Tregs, in vivo Bregs phenotypes, and their transcription factors.
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